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Introduction
The physical performance and inside decay of woods can be detected accurately by the nondestructive testing technology, which plays an important role in the field of taking full advantage of the existing wood resource. Compared with other nondestructive methods, the stress wave based technology has its especial advantages. It has no limitation of shape and size of wood under measuring and has no breakage to the objective wood. The nondestructive equipment based on stress wave can be carried conveniently due to its smallness, which makes it developed quickly and has been widely used in wood testing filed [1] .
The development of stress wave based instruments has received more and more attention. New products followed each other in rapid suecession. According to different applications, R. H. Meng [2] , G. H. Feng [3] and J. Xiao [4] have adopted different circuits to realize the measurement of stress wave transmitting time and propagation velocity. However, all those measuring instruments used discrete components as its core parts. They adopt the threshold comparing or across-zero comparing technology to extract the stress wave propagation time. As a result, the precision is a knotty problem due to the poor the poor computing ability of the discrete components.
The propagation process of stress wave in wood is complex, which makes the method of threshold comparing or across-zero comparing unsuitable for the measure of stress wave propagation. The need of more advanced signal processing method and measure data processing technology is emerging in the field. DSP have strong computing ability and is suitable for the non-destructive wood testing. M. P. Hayes used DSP to design a portable non-destructive testing instrument for standing trees [5] , but the instrument utilized the acoustic emission technology to generate acoustic wave to measure the inside decays, which isn't suitable for the measuring system using stress wave caused by impulse hammer.
In this paper, we designed a non-destructive wood testing instrument based on stress wave propagation. DSP processor was employed to compute the stress wave transmitting time accurately. The experimental results have shown the favorable resolution and precision of the method.
The fundamental of stress wave based nondestructive technology
The fundamental of stress wave based nondestructive technology is using an impulse hammer to strike the object wood by a fixed frequency, which induce stress wave propagating in the wood. When the receiver sensor receives the signal from the source trigger, it can compute the propagating time between the two triggers. This measured propagating time, when converted to a transmission time on a per length basis (or wave propagation velocity), can be used to predict the physical conditions inside the wood. We also can use some signal processing algorithms or other technologies to analyze the stress wave transmitting property such as time, velocity or other parameters, which can be used to evaluate the material quality of wood or the inside decay of the wood. The fundamental of the stress wave based nondestructive technology is shown as Figure 1 [6] . A Stress wave is generated by striking the tree with a sensor device instrumented with an accelerometer that inspires a start signal to a timer in the other end. 
The testing of wood material quality
The modulus of elasticity of the wood can be used as the evidence to classify the wood intensity automatically. The Young modulus of the wood can be measured accurately by the stress wave based nondestructive technology. Supposing the velocity of stress wave propagating in wood is v , and the density of the wood being measured is  , then the bending resistance intensity modulus of wood can be computed by following equation:
The stress wave transmitting velocity can be calculated with the straight-line distance and the elapsed time for the stress wave to propagate between the accelerometers.
Wood decay detection
The propagating time of stress wave in wood with decay inside is bigger than the propagating time in the wood without decay. Pellerin has found that if the stress wave transmitting time increase 30%, it means the decay in the wood may exceed 50%. More typically, if the transmitting time increases 50%, heavy decay inside the wood may be indicated [6] .
Design of the hardware module
In this section, we describe the implementation of the stress wave instrument based on the DSP chip TMS320VC5509A of TI Company. Figure 2 shows the block diagram. The piezoelectric sensors are placed at two distinct points on the member and used to detect passage of the wave. The charge amplifiers convert the output signals of the piezoelectric receivers into voltages which are sent to the analog-to-digital converter (ADC) TLV320AIC23. Then the digital signal can be obtained directly from the TLV320AIC23 reading and the propagation time can be computed in the TMS320VC5509A using propagation time extraction algorithm. The data can be saved in the SD card and be sent to the PC via USB interface. 
The piezoelectric receivers and charge amplifier
As the converting and transforming channel for stress wave signals, the properties of the piezoelectric receivers and charge amplifier unavoidably interact with the accuracy in measuring propagation time. The piezoelectric receivers BZ1106A, coupled with the matching charge amplifiers, from Beidaihe Institute of Electrical Automation are employed. They have superior performance parameter and are the ideal choice for the measurement of vibration and impact.
A/D interface
The stress wave instrument requires two ADC channels for the start signal and stop signal. We use a high-performance stereo audio codec TLV320AIC23 manufactured by TI instead of the common ADC chips. The ADCs within the TLV320AIC23 use sigma-delta technology and feature third-order multibit architecture with up to 90-dBA signal-to-noise ration (SNR) at audio sampling rates up to 96 kHz [7] .
DSP processor
TMS320VC5509A is well known for its high speed and good cost performance. It can run at a maximum speed of 144MHz clock. Note that, TMS320VC5509A provides plenty of peripheral interfaces and it can connect with TLV320AIC23 directly [8] . The integrated I2C module in TMS320VC5509A can be used to configure the TLV320AIC23. The multi-channel buffered serial port (McBSP) can be set to operate in SPI mode which is compatible with the DSP mode of TLV320AIC23.
The stress wave propagation time estimation
Correlation method is often used to estimate the signal propagating time in some materials. The precondition of this method is the similarity of the two signals. The higher the similarity degree is, the more accurate the measured values [9] . However, when stress wave is propagating inside woods, the attenuation degrees are distinct for different frequency components. In general, the higher the frequency component is, the more severe the attenuation is. For instance, the attenuations of the signal of 2 kHz and 40 KHz are separately 20dB/m and 200dB/m [10] . As in Figure 3 , there are two stress wave signals measured from different sensors. It can be drawn from the Figure that the comparability is low, which may lead to a high computing error of propagating time or speed.
Some researchers [2, 4] detect the positions of the signals' first peak and use them as the origin points, and then the interval between the origin points can be used as the propagating time of stress wave in the wood being measured. However, the position of the sensor fitted in the wood is random at different times, so the initial wave crests of the two signals can be different. As shown in Figure 3 , there may be large deviation if we use the wave crest detecting method. Besides, we can find from the Figure 3 that the breadth value of the first stress wave signal increase sharply when the impulse hammer struck the wood being measured. Contrastively, due to the far distance, the second stress wave signal is climbing slowly at first (as marked by the arrowhead in Figure 3 ). Then the second stress wave signal rises rapidly. As a result, if we still use the wave crest as the start point of the stress wave signal, then the computed propagating time of stress wave in wood being measured will be larger than the true value. In this paper, we use the short-time energy method and double threshold detection to distill the transmitting time of stress wave. 
Short-time energy
Suppose the signal serials of stress wave is
, and the short-time energy function can be defined as:
Herein, the
is the window function. Because the amplitude-frequency characteristic of the sliding window function is similar to the upper limiting filter, so the analysis of short-time energy can also be seen as the output of the square of signals passing a linear filter of an unit impulse response as ) (m w . The styles of different sliding window functions determine the property of short-time energy. Rectangular window and haming window functions are the window styles in common use. Compared with the rectangular window, the haming window has bigger bandwidth and faster speed of attenuation outside a channel. Besides, the distortion of the input signal is low. As a result, the haming window is selected to compute the shorttime energy.
When the sampling rate is changeless, the shorter of the window length, the higher the time resolution is. However, the Signal-to-Noise is high in the short-time energy analysis, which shouldn't be neglected. We will make a tradeoff between the two advantages to select the suitable window length. In this paper, the sampling rate of the stress wave signal is 96 kHz. After we repeated the experiment lots of times and compared the results, the window length is selected as 10.
Double threshold detection
As is mentioned above, the starting part energy of the stop stress wave signal is low and the characteristics in the time domain is similar to the noise. Therefore, if we use the single threshold detection, it will lead to the motion behind of the starting point, and which will bring some error. We use double threshold method for endpoint detection of short-time energy [11, 15] . The double threshold method of the endpoint detection is defined as follows:
Where, h T is the high threshold, and l T is the low threshold. n M is the mean energy of noise. s M is the mean of the stress wave signal with noise. 1 N and 2 N are the adjustable parameters of the detected threshold. In our experiment, we define T , which can be used to determine the original point of the stress wave signal.
Experiments and results
To test the performance of the DSP based stress wave instrument in measuring both the sound wood and low quality wood. We selected two typical innamomum camphora trunks through visual examination. The sample indicated in Because the stress wave transmission time is sensitive to the moisture, tree species and the manner in which the sensors are installed, the result of a single pass stress wave measurement is not suitable for evaluating the performance of the stress wave instruments. A more effective way is to conduct multiple measurements in different orientations at one cress section. By determining the percentage of the increase in transmission time in comparison to the reference value, the stress wave tomography can be computed to provide clear interior decay of wood and wood defect images.
Six test points are located around the tree trunk as illustrated in Figure 5 . Table 1 shows the complete distances and stress wave propagation times matrix achieved in the healthy tree trunk as shown in Fiugre 4 (a). Table 2 shows the results obtained in the unhealthy tree trunk. Note that the distances are given in the upper triangular matrix and the stress wave propagation times are given in the lower triangular matrix. According to the literature [12] , we designed software WCT 1.0 to compute the tomography image. Figure 6 (a) shows the result using the data given in Table 1 . The tomography image achieved from the data given in Table 2 is illustrated in Figure 6 (b). Figure 6 . The tomography images achieved from the data given in Table 1 and Table 2 In the Figure 4 (b) , the wood has decay inside. Compared with the Figure 6 (b), we found the decay sketch map is similar to the true trunk. Correspondingly, if the wood is healthy in the (a) of Figure 4 , the result will show no decay inside. As is shown above, the method can identify the decay precisely. However, the resolution of the stress wave based method has theoretical limit [10] . To increase the resolution, we have two directions to go ahead. One is to use higher frequencies. High material attenuation will limit it. Bucur [13] have reported their experimental result, where the resolution turned out to be 50 mm, even though the theoretical resolution limit is around 1 mm. Other direction is to use different sensor numbers. Though the theoretical calculation of the resolution is difficult, an experimental method showed the influence of sensors number on the resolution determination. Note that, the reference velocities were determined by the mean of the speed between neighbor sensors, because we suppose the periphery of the wood is relatively healthy. In other words, the intersecting points of every defected velocity line will be considered as possible defect points. Because a defected point can only be draw at the crossing point of two defected velocity lines, the more sensors we arranged around the wood, the more velocity lines we have, which means a higher resolution of decay detection.
Conclusions
We have reported a stress wave instrument comprising two piezoelectric receivers, an audio codec TLV320AIC23 and DSP processor TMS320VC5509A. Short-time energy and double threshold detection algorithm are employed to estimate the stress wave propagation time. The performance was evaluated in both a healthy tree trunk and an unhealthy tree trunk. The results demonstrated that the DSP based stress wave instrument has been developed successfully and is suitable for wood decay detection. 
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